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[Name ofDocument] SPECIFICATION

[Title of the Invention]

Method and Apparatus for Processing Digital Signals and Recording Medium

[Claim]

[Claim 1]

A digital signal processingmethod for reproducing digital signals characterized

by:

being adapted to temporarily store a data block to be used repeatedly at least

twice out of a plurality of data blocks obtained at least by dividing a digital signal on

a time base.

[Claim 2]

A digital signal processing method According to claim 1, characterized in that

said digital signal is taken into a recording medium by way of a network before it is

reproduced.

[Claim 3]

A digital signal processing method according to claim 1, characterized in that

said digital signal is stored in a recording medium in advanfce^.

[Claim 4]

A digital signal processing method according to claim 1, ch^acterized in that

it uses information indicating the period of time during which said da^a block to be

used repeatedly at least twice is retained.
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[Claim 5]

A digital signal processing method according to claim 4, characterized in that

said information indicates the period oftime from the time when said data block to be

used repeatedly at least twice is read in to the time when said data block is deleted.

[Claim 6]

A digital signal processing method according to claim 4, characterized in that

said information indicates the number of times of reading other data after reading in

said data block to be use\repeatedly at least twice.

[Claim 7]

A digital signal processing method according to claim 4, characterized in that

said information indicates the elapsed time from the time when the overall processing

\
operation starts to the time when said data block to be used repeatedly at least twice

is deleted.

[Claim 8]

A digital signal processing method according^ claim 4, characterized in that

said information indicates the time when said data block^to be used repeatedly at least

twice is deleted.

[Claim 9]

A digital signal processing method according to claim 4, characterized in that

said information indicates the period oftime from the time when said data block to be

\
used repeatedly at least twice is reproduced for the first tune to the tune when it is

\



deleted. ,

[Claim 10] /

A digital signal processing method according to claim 4, characterize^in that

said information is added to said data block to be used repeatedly at least tovice as part

thereof. /

[Claim 1 1] /
A digital signal processing method according to claim 4, characterized in that

said data block to be used repeatedly at least twice is deletedAvhen the retaining period

of time indicated by said information has passed and/me processing operation for

reproducing the digital signal is over. /

[Claim 12] /
A digital signal processing method according to claim 4, characterized in that,

if the retaining period of time indicated bVsaid information is shorter than the time

necessary for actually reproducing said data block to be used repeatedly at least twice,

said data block is deleted when the operation ofreproducing said data block is over.

[Claim 13] /

A digital signal processing method according to claim 4, characterized in that

said data blocks to which steid information is not added are deleted when the

processing operation ofreproducing them is over.

[Claim 14] /

A digital signa/processing method according to claim 4, characterized in that,



when said information is expressed by a predetennined bit string, said data block

be used repeatedly at least twice is retained until time when the processing operation

of reproducing all the data blocks is over.

[Claim 15]

A digital signal reproducing apparatus for reproducing digital signals,

characterized by comprising:

a first decoding means for separating a data block to be usedRepeatedly at least

twice from the remaining data blocks of a plurality of data block/obtained at least by

dividing a digital signal on a time basis and decoding said dafa block;

a retaining means fortemporarily retaining said dataJjflock to be used repeatedly

at least twice from said first decoding means; and

a second decoding means for decoding said^maining data blocks from said

first decoding means and said data block to be usfd repeatedly at least twice from said

retaining means.

[Claim 16]

A digital signal reproducing apparatus according to claim 15, characterized in

that said first decoding means extraofsliformation indicating the period oftime during

which said data block to be use/i repeatedly at least twice is retained from said data

block.

[Claim 17]

A digital signaV4eproducing apparatus according to claim 16, characterized by



further comprising a control means for deleting said data block to be used repeatedly

at least twice from said retaining means according to said information extractedby

said first decoding means. /
[Claim 18] /

A digital signal reproducing apparatus according to clairnJo, characterized in

that said second decoding means decodes each ofsaid data b^cks, using identification

information for identifying each of said data blocks. /

[Claim 19] /
A digital signal reproducing apparaWaccording to claim 15, characterized in

that said second decoding means deebdes each of said data blocks, using said

identification information and additionally reproduction timing information.

[Claim 20] /
A signal recordjrig medium adapted to record a plurality ofdata blocks obtained

at least by dividjrfg a digital signal on a time base, characterized by recording a data

block usablerepeatedly at least twice with corresponding infonnation for indicating

the period of time for temporarily retaining said data block.

[Detailed Description of the Invention]

[0001]

[Technical Field to which the Invention Pertains]

This invention relates to a method and an apparatus for processing digital

signals and a recording medium that can efficiently utilize data in a processing



operation of reproducing digital signals.

[0002]

[Prior Art]

Music and pictures can be recorded and reproduced with high quality by means

of digital signals but a larger volume of data will be required for recording and

reproducing music and pictures with a higher quality.

[0003]

A large volume of data required to reproduce music and pictures with high

quality can be provided by means of a technique of streaming reproduction using a

network Or a reproduction technique using storage media such as a compact disk (CD)

or a digital video disk. If not compressed, the reproduced digital signals are then

simply sampled for changes in the temporal direction (and also in the spatial direction

in the case ofmoving pictures). In other words, data are used for all the elapsed time

and hence a volume of data that corresponds to all the elapsed time will have to be

used. Additionally, digital signals can be subjected to various processing operations

such as data division and data synthesis with ease.

[0004]

[Problem t be Solved by the Invention]

As described above, with conventional techniques ofutilizing media involving

the use of networks, the volume of information in the form of digital signals to be

transmitted is correlated with the quality of reproduced digital signals. Hence, the



quality of reproduced digital signals is determined as a function of the transmission

capacity and it is difficult to improve it beyond that capacity. In the case of storage

media, the quality of reproduced signals is correlated with the storage capacity and

hence the storable amount ofinformation is temporally reduced ifthe storage capacity

is limited and the information is to be stored with high quality.

[0005]

This invention has been made in view of such actual circumstances, and its

object is to provide a method and an apparatus for processing digital signals utilizing

the phenomenon that identical or similar information can appear repeatedly in a digital

signal that may be an audio signal or a video signal and extract the data ofthe identical

or similar part of the digital signal to use them repeatedly so that the receiver ofthe

signal may retain and then delete the data to realize high quality signal reproduction

with a reduced amount of information.

[0006]

Another object of the present invention is to provide a recording medium that

can make a method and an apparatus for processing digital signals as described above

to extract the data ofthe identical or similar part ofthe digital signal for utilizing them

and to suppress the recording capacity to be used.

[0007]

[Means to Solve the Problem]

According to the invention, there is provided a method and an apparatus for



processing digital signals adapted to temporarily store a data block to be used

repeatedly at least twice out of a plurality of data blocks obtained at least by dividing

a digital signal on a time base.

[0008]

According to the invention, there is also provided a recording medium adapted

to record a data block to be usable repeatedly at least twice out of a plurality of data

blocks with corresponding information for indicating the period oftime for retaining

said data block.

[0009]

Specifically, the present invention provides a technique of retaining data that

have to be used repeatedly in a process of reproducing digital signals such as audio

signals and video signals on a recording device such as a memory device or a hard disk

or a recording medium and reutilize the retained data.

[0010]

Each block of data to be retained is made to contain as part thereof retaining

information on the period oftime for retaining the data and retained according to the

retaining information. The retaining information takes the form of a bit string and

contains the elapsed time since the data were read and the elapsed time since the

overall processing operation started.

[0011]

The read data or the data retained on the recording device or the recording
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medium will be used for each data reproducing operation. In other words, data that

can be used repeatedly will be reutilized. When the period oftime as indicated by the

retained data has elapsed, the obsolete and unnecessary data will be deleted from the

recording device or the recording medium on which the data have been recorded.

[0012]

Thus, the overall volume of data to be recorded on the recording medium can

be reduced.

[0013]

[Mode for Carrying Out the Invention]

Now, a method and an apparatus for processing digital signals according to the

invention by referring to the accompanying drawings that illustrate embodiments of

the invention.

[0014]

Firstly an embodiment of apparatus for processing digital signals according to

the invention and adapted to use a method for processing digital signals according to

the invention will be described. This embodiment is an audio data reproducing

apparatus for reproducing audio data.

[0015]

The audio data reproducing apparatus is adapted to retain a data block that is

to be used repeatedly out ofa plurality of data blocks obtained at least by dividing the

digital data representing a work ofmusic into measures or phrases on a time base and



reutilize it.

[0016]

FIG. 1 is a block diagram of the audio data reproducing apparatus. The audio

data reproducing apparatus 10 is fed with audio data taken in by a recording medium

such as'aliarddTskT^y way of a network. Alternatively, the audio data may have been

stored in the recording medium in advance. Anyhow, the audio data are read out

typically by means of a drive unit and fed to the apparatus.

The audio data contains retaining information on the period of time during

which the data block to be repeatedly used at least twice is temporarily retained. More

specifically, the retaining information represents the period oftime from the time when

the data block to be repeatedly used at least twice is read in by the data decoding

section of the audio data reproducing apparatus to the time when the data block is

Ofcourse, the audio data contains data blocks that are not to be repeatedly used

other than the data block that is to be repeatedly used at least twice. Following

description distinguish between the data blocks of the audio to be retained and the

data blocks ofthe audio not to be retained.

[0019]

Then, the audio data are taken in by the data decoding section 1 1 of the audio

[0017]

deleted.

[0018]
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data reproducing apparatus 10 ofFIG. 1. As described above, the audio data contains

retaining information on the retaining period of time ofthe data block to be retamed.

Upon receiving the audio data, the data decoding section 1 1 extracts the retaining

information and supplies it to recording device control section 12. The data decoding

section 1 1 also records the data block to be retained on a recording device or medium

13. The data decoding section 1 1 supplies the data block of the audio data not to be

retained to audio decoding section 14.

[0020]

Upon receiving the retaining information sent from the data decoding section

1 1 , the recording device control section 12 deletes the data that are now unnecessarily

from the recording device or medium 13. In short, it controls operations concerning

retaining data.

[0021]

The audio decoding section 14 sequentially reproduces the audio data blocks

not to be retained from the data decoding section 1 1 and the audio data block retained

on the recording device or medium 13, using the information on reproducing the audio

data that can be read in as control data as well as said audio data from said recording

medium.

[0022]

Information on reproducing audio data as used herein refers to information

indicating the data to be actually reproduced. In other words, it refers to information
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indicating if it is the audio data from the data decoding section 1 1 or the audio data

retained on the recording device or medium 13 that are to be reproduced. Thus, the

audio data will be reproduced in the right order according to the information.

The recording device or medium 13 is typically a semiconductor memory or a

vharddisk used to retain an audio data block that can or is to be used repeatedly.

Said retaining information indicates the period oftime forwhich said audio data

block is to be retained. The retaining information is added to the audio data block to

be retained.

[0025]

Said retaining information shows the period of time from the time when said

audio data block is read in onto the recording device or medium 13 to the time when

it is deleted as described above in the form of a bit string. Thus, it may indicate the

retaining period k, as shown in FIG. 2, from the time when the data decoding section

1 1 reads in the audio data block, after which the audio decoding section 14 decodes

and reproduces it for the first time, to the time when the next reproduction of the

decoded data block is over, during which the data block is retained on the recording

device or medium 13.

[0026]

Alternatively, the elapsed time from the time when the processing operation of

[0023]

[0024]
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reproducing the entire data blocks starts to the time when the retained data block is to

be deleted may be expressed in the form of a bit string as shown in FIG. 3. Still

alternatively, the period of time from the time when the data block is reproduced for

the first time to the time when it is deleted may be used as shown in FIG. 4.

[0027]

The retaining information can be recorded within the header as part of audio

data as shown in FIG. 5. Alternatively, it may be recorded with other information such

as information indicating the data ID and the format including the compression method

as shown in FIG. 6 and will be described hereinafter. Still alternatively, it may be

recorded not at the top as part of the header but at the tail end of the data.

[0028]

If, for example, the retaining information indicates the retaining period k as

shown in FIG. 2, the recording device control section 12 deletes the retained data block

from the recording device or medium 13 when the period of time as indicated by the

retaining information is over.

[0029]

However, the recording device control section 12 may try to delete the retained

audio data while the data are still being reproduced. This may not give rise to any

problem if the data to be reproduced are copied on a reproduction buffer (not shown)

of the audio decoding section 14 and the data copied on the reproduction buffer are

used forthe reproducing operation. Then, the actual reproducing operation may be not
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affected if the recording device control section 12 deletes the data on the recording

device ormedium 1 3 while the data are being reproduced. Alternatively, the recording

device control section 12 may be so controlled that it monitors the reading out

operation and deletes the data only when the data reproducing operation is over.

[0030]

Ifthe retaining information is not attached to the data, the data may be deleted

when the processing operation or some other operation is over. If the retaining

information is expressed in the form of a bit string (e.g., Oxffffffffwhen the retaining

information is expressed in 4 bytes), it may be so defined that the data are retained on

the recording device or medium until time when the processing operation of

reproducing the entire data blocks is over.

[0031]

As described above, the audio data reproducing apparatus 10 attach retaining

information to the audio data block and the data of the data block are retained on the

recording device or medium 13 according to the information.

[0032]

Now, the operation ofthe audio data reproducing apparatus 1 0 will be described

in detail by referring to FIGS. 7 through 9. FIG. 7 is a flow chart of the operation of

the data decoding section 13 that can be used for the purpose ofthe invention and FIG.

8 is a flow chart of the operation of the recording device control section 12 that can

be used for the purpose of the invention, whereas FIG. 9 is a flow chart of the
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operation of the audio decoding section that can also be used for the purpose of the

invention.

[0033]

After reading in the audio data in Step SI, the data decoding section 11

determines if retaining information is attached to the header ofthe read in audio data

or not in Step S2. Ifretaining information is attached to the audio data, the data or the

audio data block to be retained are stored on the recording device or medium 13. Said

retaining information is also delivered to the recording device control section 12.

Then, the audio data are delivered to the audio reproduction buffer contained in the

audio decoding section 14 in Step S5 so that the audio data may be reproduced at this

time. Ifthe audio data are not reproduced at this time, the data may be discarded.

[0034]

If, on the other hand, it is determined in Step S2 that no retaining information

is attached to the audio data, the processing operation proceeds to Step S5, where the

audio data blocks not to be retained are delivered to the audio reproduction buffer

contained in the audio decoding section 14.

[0035]

Thus, the retaining information, the audio data block to be retained, and the

audio data block not to be retained are fed to the recording device control section 12,

medium 13 the audio decoding section 14 by the data decoding section 11.

[0036]
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Then, in Step SI 1, the recording device control section 12 determines if it has

received the retaining information from the data decoding section 1 1 or not. If it is

determined that the retaining information has been received, the processing operation

proceeds to Step S 12, where a new time counter is prepared and set to an initial value.

Thus, the recording device control section 12 has pieces of retaining information and

time counters, the number ofwhich is equal to the number of data blocks retained in

the apparatus. Then, the recording device control section 12 determines in Step S13

if any of the time counters shows that the period of time indicated by the related

retaining information has elapsed or not. If there is a time counter showing that the

period oftime indicatedby the related retaining information has elapsed, the recording

device control section 12 deletes the corresponding retained audio data block from the

recording device or medium 13 in Step SI 3.

[0037]

If the data are being reproduced when it they are deleted, they are not affected

by the deleting operation because the data being actually reproduced are those stored

in the reproduction buffer for the purpose of reproduction. Then, in Step SI 5, the

recording device control section 12 determines ifthe entire data reproducing operation

is over or not and, if it is determined that the entire data blocks, which may represent

a work of music, have been reproduced, it deletes all the data remaining on the

recording device or medium 13 in Step SI 6. If, on the other hand, it is determined in

Step S15 that the entire data reproducing operation is not over yet, the processing
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• #
operation proceeds to Step S17, where all the time counters for the retained data are

made to advance. Thus, the above processing operation will be repeated with the

advanced time counters.

[0038]

On the other hand, upon receiving the information for audio reproduction in

Step S21, the audio decoding section 14 determines in Step S22 if there are any data

to be reproduced in the reproduction buffer or not. If it is determined that there are

data to be reproduced, the processing operation proceeds to Step S23, where data will

reproduced sequentially in good order according to said information for audio

reproduction. If, on the other hand, it is determined in Step S22 that there are not any

data to be reproduced, the processing operation proceeds to Step S24, where the audio

. decoding section 14 determines if any data to be reproduced are retained on the

recording device or medium 13 or not. If it is determined that data to be reproduced

are retained on the recording device or medium 1 3, the processing operation proceeds

to Step S25, where the audio decoding section 14 takes the corresponding data into the

reproduction buffer. Thereafter, the processing operation proceeds to Step S23, where

data will be reproduced sequentially in good order according to said information on

audio reproduction.

[0039]

The information on audio reproduction typically utilizes an ID number for the

audio data to be reproduced. If the data represented by an ID number are already
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found in the reproduction buffer, they will be reproduced. Ifthey are retained on the

recording device or medium 13, they will be copied onto the reproduction buffer so as

to make them ready for being copied.

[0040]

FIG. 10 is a schematic illustration ofan example where audio data are divided

into a plurality of data blocks with ID numbers added thereto for identification. FIG.

10 shows the data blocks in three different states of input, retention and reproduction.

Referring to FIG. 10, data block 1 will be retained on the recording device or medium

13 until the end ofthe second reproducing operation according to the retaining period

of time, whereas all the other data blocks including data blocks 2, 3, 4 and 5 will be

deleted when the first reproducing operation is over.

[0041]

Thus, once the data block 1 is input as shown in (a) of FIG. 10, it will be

retained as shown in (b) ofFIG. 10 until the end of the state ofreproduction (or even

thereafter) as shown in (c) of FIG. 10.

[0042]

Ifdata are reproduced intermittently as shown in (c) ofFIG. 10, each ofthe data

blocks requires information for the timing ofreproduction. Then, each data block may

be made to contain the reproduction timing information to be used for itself as shown

in FIG. 1 1 or an independent data block may be made to contain the reproduction

timing information for all the data blocks and used to control the operation of
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reproducing each ofthe data blocks according to a time counter as shown in FIG. 12.

[0043]

Now, an embodiment of an audio data reproducing apparatus 20 adapted to

reproduce data intennittently will be described.

[0044]

The embodiment ofaudio data reproducing apparatus is designed to reproduce

a MIDI signal in the musical instrument digital interface (MIDI) format and an audio

signal other than a MIDI signal and hence not for an instrument, which may be an

audio data for vocals.

[0045]

It comprises a data decoding section 1 1, a recording device control section 12,

a recording device or medium 13 and an audio decoding section 14. Since the

components and their detailed operations are same as those described above by

referring to FIGS. 1 through 12, they will not be described here any further.

[0046]

AMIDI signal is dealt as standard MIDI file (SMF) for keeping files compatible

among different sequencers or different pieces of sequence software. SMF data may

be recorded on a recording medium along with audio data by way of a network or

stored in advance in a recording medium. SMF data are used not to directly operate

a MIDI sound source 22 but to operate sequence software to make it output a MIDI

signal. The MIDI sound source 22 then emits a musical sound according to the MIDI
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signal.

[0047]

SMF data are taken in by SMF data decoding section 21. The SMF data

decoding section 2 1 extracts the information for audio reproduction added to the SMF

data by the encoder and sends them to the audio decoding section 14. The SMF data

decoding section 21 also extracts the MIDI data from the SMF data and sends them

to the MIDI sound source 22.

[0048]

g The information for audio reproduction contains ID numbers ofthe audio data

3 blocks to be reproduced along with reproduction timing information. Since the data

Q/ blocks have respective ID numbers as described above, the audio decoding section 1

4

j j

2 can intermittently reproduce audio data by using the information for audio

q reproduction,

tj [0049]

fl If
9
on the other hand, data are reproduced continuously as shown in FIG. 14,

data may be reproduced according to information showing the sequence of

reproducing data. For example, the SMF data or some other data may be made to

contain information on the sequence of reproducing data so that the operation of

reproducing data blocks may be controlled according to the information.

[0050]

As described above, data can be processed efficiently with the present invention
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to reduce the entire volume of data to be processed. For instance, when an audio

signal is reproduced for a work of music, part of the work of music may be played

repeatedly as refrain. Particularly, a same refrain may be played exactly in a same

manner in the case of synthesized music such as MIDI music. Conventionally, the

audio data sequence for such a refrain is prepared each time to make the operation

very redundant. The redundancy of conventional techniques will be significantly

reduced by a method according to the invention. Then, in the case ofreproducing an

audio signal by way of a network, the volume ofdata to be transmitted can be reduced

to improve the quality of the reproduced sound when the rate of data transmission is

limited. With a method according to the invention, it is now possible to transfer data

at an enhanced rate. In a case involving the use of a storage medium, the volume of

data to be stored can be reduced for a work ofmusic so that the storage medium may

be used to store a variety of different data. This advantage holds true not only for

audio data but also video data or text data.

[0051]

[Effect of the Invention]

As described above, a method and an apparatus for processing digital signals

according to the invention utilize the phenomenon that identical or similar information

can appear repeatedly in a digital signal that may be an audio signal or a video signal

and extract the data of the identical or similar part of the digital signal to use them

repeatedly so that the receiver of the signal may retain and then delete the data to
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realize high quality signal reproduction with a reduced amount of information.

[0052]

A signal recording medium according to the invention can be used to make a

method and an apparatus for processing digital signals extract and utilize the data of

identical or similar parts of a digital signal so that the digital signal may be processed

with a reduced recording capacity.

[Brief Description ofthe Drawings]

FIG. 1 is a block diagram of an embodiment of an apparatus for processing

digital signals according to the invention, which is an audio data reproducing

apparatus, and adapted to use a method for processing digital signals according to the

invention.

FIG. 2 is an example of retaining information that can be extracted by the data

decoding section data decoding section of the audio data reproducing apparatus of

FIG. 1.

FIG. 3 is another example ofretaining information that can be extracted by the

data decoding section data decoding section ofthe audio data reproducing apparatus

of FIG. 1.

FIG. 4 is a still another example ofretaining information that can be extracted

by the data decoding section data decoding section of the audio data reproducing

apparatus of FIG. 1

.

FIG. 5 is a schematic illustration showing an example of location that can be
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used for adding retaining information to audio data.

FIG. 6 is a schematic illustration showing another example of location that can

be used for adding retaining information to audio data.

FIG. 7 is a flow chart ofthe operation ofthe data decoding section ofthe audio

data reproducing apparatus of FIG. 1.

FIG. 8 is a flow chart of the operation ofthe recording device control section

of the audio data reproducing apparatus of FIG. 1.

FIG. 9 is a flow chart of the operation ofthe audio data decoding section ofthe

audio data reproducing apparatus ofFIG. 1.

FIG. 10 is a schematic illustration showing how audio data are divided into a

plurality ofdata blocks with ID numbers added thereto and intermittently reproduced.

FIG. 1 1 is a schematic illustration showing an example of reproduction timing

information that can be used for intennittently reproducing the data of FIG. 10.

FIG. 12 is a schematic illustration showing another example of reproduction

timing information that can be used for intermittently reproducing the data ofFIG. 10.

FIG. 13 is a schematic block diagram of an embodiment of apparatus for

processing digital signals according to the invention and adapted to reproduce data

intennittently, which is an audio data reproducing apparatus 20.

FIG. 14 is a schematic illustration showing the order ofreproducing data when

the data are reproduced continuously.

[Description of the Numerals]
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10 ... audio reproducing apparatus, 1 1 ... data decoding section, 12 ... recording device

control section, 13 ... recording device or medium, 14 ... audio decoding section

24


